This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



04-22-04 17:27 From-PILLSBURY WINTHROP 703-905-2500 T-152 P. 031/055 F-004 




PATENT SPECIFICATION 

DRAWINGS ATTAOETEP 

921,362 

Date of Application and filing Complete Specification April 10. 1959. 
No. 12307/59. 

Application made in Germany (No. F25470lxj42k) on April //, 19SB. 
Complete Specification Published March 20, 1963* 



Index at acceptance: -Classes 40P) f A5(D3:R3:R6>; End 7S(«, A1(C2L1:H3:H7:X3). 
International Classification:— GOSe. B$5g. 

COMPLETE SPECIFICATION 

improvements in or relating to the Checking of Sheet Material 
for Optically Detectable Irregularities 

We. FELPMCULE P^pier-uND Zsllstqff- device, such methods presiding far a mailri- 

w£RKE AKTr^GESELLSCHAFTj a Company rede of individual • single test devices, each 

recognized by German Jjaw, of Burggrafen- equipped with light source and photocell, 

strassc 7, (22a), Dusseklorf-O-berkassrl, Ger- distributed across the width, of the wdb. 

5 many, do hereby declare the invention, for This proposal, too, has failed to provide 

which we pray that a patent may be granted resales of any practical value because the 



45 



SPECI FT CATION NO.. 821.362 

By a direction given under Section 17 (1) of the patents Act 1949 this appli- 
cation proceeded in cue name ot reldmuhle' Akti en gesslls chart, a Body Corporate 
organised according to the Laws of Germany, or Burggra fens trasse 7„ Duseeldorr, 
Germany. 

THE PATENT OFFICE PS 72861/1 (5) /R» 108 200 3/63 PL 



area of paper surface Is jjliiTtinated at any 
one time, a small black spot cn glossy white 

25 -paper does net result in a measurable 
deviation from the standard amaunt of 
reflected light. 

The problem with which the present 
invention is concerned is nat the measure- 

30 mem of the average reflectivity of a f-apex 
surface (which is the quantity determined 
by the knewa form of apparatus referred to 
aibovc) b*»r the detection of variation in 
the optical properties of sheet material even, 

35 when the variations only extend over a 
small area- Thus, for example, the inven- 
tion is concerned with the detection of small 
dark spots on an other vrisc white sur'sce 
or cf small hsks in the material. PreviDus 

40 -craposals also include methods for the 
continuous checking, by means of photo- 
cells, ?>f ca-rver webs rravelUs^ tJsss^h tht 



cf checking sheet material for optically 65 
tdatectabie irregularhies, which comprises 
feeding the material through a scanning 
Zens, (maintaining aniiterial in the 

scanning' zone in a substantially flat and 
flutter-free candkion, scanning- the material 70 
in the scanning zone with a beam cf Dfjbt 
arranged to form on the material an illumin- 
ated spot having a sharply defined boundary 
within which the degree of iH-umination is 
Guibstantially uniform, which spot moves 75 
in a direction transverse to the direction 
of movement of the material through- the 
r canning zoji-e, deteccinc variations in the 
intensity of the light rejected aud/or trans- 
ac-itred by the sheet material by means of SO 
a phatc-elsctric device and feeding the our- 
put of the photo-electric device to a linmter 
stage arranged to give a fault-indicating 
signal enly when the output of the ptoto- 
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We, Peiwcjhi.* Pap»iw*«i> Zeixstoff- device, such ^etaods providing for a xndri- 

across The width, cf the wefe. 
Lis jui.wsal, too, has failed to- provide 
rssults zf any practical value because the 
device diiS net respond to certain lands 
of fault such ss, for esacrepb, narrow 
^.^^ce-lihc faults vrh:rii advance with the 
iv edge paint fcremcst imo the field cf a 
ybctocsll and thus do not cause any^udden, 
variation of the photccurrenr- rinally 3 
checking devices tove been propo-ed _ia 

ttus^ 4UM111J — Tvhicb insrely one narrow strip, in a moving 

Apparatus for checlang the surface _ ap5:r ^ j s csamined for faults by means 
35 prcpsrtiss of paper is known, vhizh includes a pkotoceiJ, the result of this examine 
photocells aid tvlwcb enables individual tioc fc-jn^ applied to the entire width 
pater samples to be a?sszscd 5 but such w 1 ' 1 5 -* 

apparatus is unsuitable for ccntLo-ucus check- 
ing, first because of the long time Tritem 
by the test and secondly because of the 
insufSeienr resolving power of the apparatus, 
E&cause 3 in the known apparatus, a large 
area <2t pnper surface is illuminate! at any 
cue ifene, a small blade spot On glossy white 
pacer doss net rcstd* in a measurable 
dsvistion from tfis standard amount cf 
reflected light 
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which we pray that a parent nzay be granted 
to u* 3 and ths method by wbicb u is^ to 
fce Tcetfcrined, to be particularly described 
in and by the following statetrent: — 

The invearfen relates to tie ccmrinuons 
Seising of sbeci jnsKerial, for exatople 
paper, banrd and foil, fcr optically detect- 
able quality deviations. 



45 



50 



55 



20 



25 



30 



35 



40 



The prefcicfli with wlitch the present 
invention is concern id is apt the measure- 
ment of die average rafkerivity cf a paper 
surface (which: is the qsantky determined 
by the hrcrvn force of apparatus rsSerred to 
ftbcve> bat the detection cf variation in 



cf the wrb according- rr> the laws of 
prcbspeUity. This, however, only gives an- 
jndiraiioa of the probable means quality cf 
the maieriaL . 

The -present invention provides a method 
cf cheddn^ sheet .material for optically 
<ckcecrable ^irreguiarxtes, which comprises 
feeding die material through, a scanning 
zcne 3 mainraicing the mraterial in the 
scanning rone in a substantially flat and 
fiulter-free condition, scanning the material 
in the scanning zone with a besn> cf light 
zrranged to form on the material an Hhimin- 
ated spot having a sharply defined boundary 
with-in -which the d=gree of illumination fs 
substantially unifcrio 3 which, spot rnuves 
in a direction transverse to the direction 



tb* optical properties cf sheet ixraterial even cf mcvemsnt of the material tbroupii tbi 
when the variations only extend over a rcanrdns zone, detecting variation? m the 

-- — 1 - - T - : — ictendty of the ligjH reflected and/or trans- 

jnitted by the sheet material by means of 



fjEall nrea. Thus, for citirqnle^ tfce irr-v^n 
tiDn is cencerned the detection cf small 
dcrfc spcts on an ctb^r^ire white scrbce 
s? cf sin ill holes in the ra-arerisL Previous 
croposals also include xnethods fe-r the 
continuous chsddSft, by msans cf photo- 
ctils, of paper web3 travelling ibrcu^b the 



a pi ott -electric device and feeding the out- 
put cf the photo-electric device to a limitcr 
stags arranged to give a fault-indicating 
yignal enly when the enrpet of the phoro- 
electric device deviates from a given value 
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toy a quantity exceeding a certain magnitude. 

The invention also provides apparatus fcr 
checking sheet material for optically detect- 
able irregularities, winch, cosnjpriSM means 
5 for feeding; the material through a scanning 
zone, msans for maintaining the material 
in the scanning zone in a substantially flat 
and flutter-frse cenchuon, aveans fcr scanning 
the 'material in the sraiming zone with a 
10 beam c£ light arranged to form on the she-st 
material a spct of li^it having a sharply 
defined tcnadary within which the degree of 
illumination is sufr Hami ally unifoma and to 
cause the spot co> move transversely with 
15 respect to the direction of feed of the 
sheet marerial through the scanning zone, 
photc^-electric means responsive to the 
intensity of the light reflected and/or trans- 
(Diitted hy ike materia], and a li miter stage 
20 connected to the output cf the photc-electrk 
oneans and arranged to give a fault-indicating 
signal only when the output of the pihoto- 
dcTtnr means deviates from a given value 
fcy ^ quality exceeding a cercain- magnitude. 
25 The output of the p&oto-ekctric mgans 
incay be arranged to trigger fault-in aicatiog 
signals. If a very small light 3?ot is used, 
then, for exacEpie, even a very small blade 
spot on a white payer surface wiH result 
30 in a m aifc c d variation of the instantaneous 
value of the onrput curcent cf the photo- 
electric nzsanSj riat is to say in a dear 
indication of the occurrence of a fault _ in 
the paper. The dimensions of the scanning 
35 light spot may be controlled by means of 
& d~aphragn^ having a variable aperture. 
The minimum dimensions of the scanning 
iight spot are determined merely by the 
requirement that any subsequent scanning 
40 scrip should touch; ox slightly overlap, the 
preceding scanning scrip in order to ensure 
the compete scanning of the entire paper 
stmface. The size of die light spot is 
thus related, on tha one hand, to the speed 
45 with which the material is advanced through 
the scanning zone and, on the cahrr hand, 
to the number of scanning movements made 
in -unit; thr.e. This relationship can be 
easily explained by a numerical example. 
50 IE, fcr example, the scanning mo-vemem: 
is produced by a mirror drum driven at 
300 0 x.p*jn. and the drum is composed of 
tsrenty individual mirrors, this drum; at 
50 revolutions per second, will effect 
53 50X20=1000 scanning movements pex 
second. If the inatcxial is advanced 
through the scanning zone at a sjpecd of 
2 metres psr second, the ceacres cf two 
successive scanned regions on the material 
60 mil be 2 millimetres opart from one another, 
and the light spcz (which is preferably rect- 
an<mlar in shape) in this cass must have 



direction cf movement cf the material. The 
65 exreasion in the direction transverse to the 



direction of movement of the material may 
he as small or smaller than this. 

ff it is desired further to decrease the 
nze of the light spot in order to increase 
the response sensitivity of die aoparasus, 70 
thz n«pak=r of mirror drum revolutions can 
easily be increased whereby successive 
scanning regions, at the same rate cf feed 
of the material, will be positioned more 
dos-ely to one another. If the rate cf 75 
rotation cf the -mirror drum is increased', it 
is zho possible, cf course, while keeping 
the other condition? constant, to increase 
the rate cf feed of the material and thereby 
to increase the efficiency of the whole test 30 
device. The speed increase can 3 for example, 
toe effected by transmission gear inserted 
between che mirror drum and a motor 
driving it- I» order to avoid vibration of 
the mirror drum axis, belt drives are recoan- 85 
mended for transmission, but especially 
suitable is the use of a high, speed electric 
. mttor directly coupled.' to the mirror drum 
and supplied, from a network of customary 
frequency, with current of a frequency 90 
suitably stepped up by means «f a freqnency- 
changer. 3n this case the gyro-effect of the 
high speed, assembly constituted by the 
motor and mirror drum ensures vibxati on- 
free running .by itself. 35 

Thus, as shown already hy the numerical 
example, the apparatus is capable, on the 
one hand, of carrying out the camjplc'ce 
scanning of a web for fault-detecdon pur- 
poses with sufficiently Irigji eperatieg speed 100 
and, cn the other hand, whh the certainty 
of detecting very small feults. The material 
co be examined must be guided flatly and 
without flutter as it passes through the 
scanning zone, because departures of the 105 
material from the correct position, for 
example, a slight curvature cf the material 
away from the photo-electric means, might 
give rise to fauli-mdxcaticg: signals. Of 
course, if rhe material has an unevenness 110 
which cannot be flammed out by means, for 
exaxplc, cf a suction device provided at 
rhe scanning zone, then a fau^-tadieatinx 
signal will be given. Tbns, not only spots 
od the surface of the material, bur also 115 
raised peaces or creases already in The 
material give rise to fault-indicating signals. 
Holes in rhe material- can also be detected. 
When the (photoKdcctrie -mp^r* is arranged 
to detect variations in the intensity of the X20 
reflected light this may .be done by pro- 
viding, in The scanning zone, a support 
for the material 'of which the reflectivity is 
different from that of rhe materiaL Thus, 
if rhe material is paper having a bright 125 
.white surface, a dark-coloured suppoir may 
be employed. 

Ad^aafcageonslT, the lifter stage cum- 
prises an amplifier that has a non-linear 
characteristic. Advantageously, the limrcer 130 
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s^ge is adjustable to permit variation of 
che said magnitude. 1c then becomes 
possible to set the apparatus for the particu- 
lar mipinMn magnitude of deviation from 

5 standard that it is desired shall give rise? 
,n> a fault-indicating signal However, if 
it is desired that very small deviations from 
standard shall give rise to fauliwndicaring 
signals, care must be taken to ensure that 

10 the intensity of the incident scanning cram 
restrains accurately constant. This can he 
dene by using, to form the tzaoi, a lamp 
suppiiea by a constant-voltage source, for 
esaxpic, a generator driven, by a censtant- 

15 speed motor- m 

A, number of forms of apparatus for 
checking sheet material for opttcatty detect- 
able irregularities and constructed in accord- 
ance wjtb the invention will now be dss- 

20 crifced by way o£ example in greater detail 
with reference to the accompanying draw- 
ings, in which: — 

Figure 1 js a diagrammatic side view, 
partly in section, of one form of apparatus; 

75 Figure 2 is a sec lion taken afong the 
line n — II in Figure 1, but showing certain 
modifications of the apparatus; 

Hgure 3 is a diagram showing a typical 
output of the photo-electric msans and the 

30 effect of the ftmhxr stage; 

Figure 4 is a perspective view ot a form 
of apparatus similar io those shown in. 
Figures 1 and 2, but having additional 
devices for forming the scanning light beam; 

35 Figure 5 is a circuit diagram cf an 
electric circuit for causing the output of 
the photo-electric device to operate devices 
for sorting sheers of material in- accord- 
ance with the irregularities on them; 

40 Figure 6 is a diagram showing the layout 
of an apipaxatus for examining bcrh surfaces 
of single sheets of material and scrting the 
sheets in accordance with any irregularities 
present; and' 

45 Figure 7 is a diagram of a form or 
apparatus wherein variations in the m-rensity 
of the transmitted light are detected. 

In Figure 1 of the drawings, there is 
shown an apparatus for checking the upper 

SO surface of a continuous web 10 of sheet 
material, for example, white paper, for 
optically detectable faults. The web 10 
is fed through a scanning zone by means 
cf two pairs of co-operating endless beta 

■55 11 which run ever roiiers 12 mounted with 
their axes horizontal. One ipiir of endless 
belts 11 is situated in advance of the 
scanning zone and serves to feed the web 
10 to the rcanning zone and the other 

60 pair of endless belts 11 is situated in rear 
of the scantling zone and serves to with- 
draw the wdb 10 from the scaoning zone, 

Enclosing the scanning zone is a casing 
i3, whicb has apertures in one pair or 

65 exposing side walk for the web 10 and 



endless telts 11 to enter and leave the 
scanning zone. The casing 13 serves to 
exclude extraneous light from the scanning 
zoae. Also, jwafip ai>d filtering means (not 
shown) are provided for supplying filtered 70 
air to die interior cf the casing 13 at a 
sap era tm enteric pressure. Thus, in con- 
junction with the pum$> ami filtering means, 
the casing 13 serves to keep tba scanning 
zens free from: dust aod dirt. 75 

Within the casing 13, the web 10 is 
supported on an end-less belt 15 running 
on rollers 14 cf which one 5s driven. The 
driving means for the. driven, one of the 
rollers 14 is so coupled to the driving 80 
means for the driven rollers on which 
the belts 11 run that all the belts 11 and 
the belt 15 run at the same speed. The 
belt 15 is alr-permeatle and dark. It may 
be, for example* a clack perforated web 85 
having a narrow mesh. The dark colouring 
of the belt 15 ensures that, if the scanning 
spot passes ever a bole in the web 10 
(which is assumed to be white), lie 
intensity of the reflected light changes sub- 90 
stantiaUy, Instead cf usin** an endless 
belt 15 cf dark crfoormg, ic is passible to 
use an endless belt 15 of good transparency 
backed by a dark support. The endless belt 

15 run3 over a suction box 16 3 wbicb is of 95 
known construction and cf which tbe interior 

is in communication with- a vacuum pump 
(not shown) arranged to maintain die box 

16 a: a reduced pressure- The top wall 

cf the box 16 is perforated: and the suction 100 
applied to the sheer marerial IO through 
these perforations and the perforations in 
the endless bek 15 suffices to- maintain the 
sheet material flat and free f*05» flutter 
during its passage through the scanning 105 
zone, which is a narrow strip 17 extending 
along: the centre line of the suction box 
16 in a direction perpendicular to the 
direction of feed cf the web 10. 

In the scanning zone 17, the nppjer 110 
surface cf the web 10 of sheet material 
is -canned by a ligbr bsast 20 produced by 
a light source 21 mounted on the outside cf 
the casing 13, the Hghit beam 20 entering 
the casing 13 through a window. The light 115 
source 21 is of great brightness and high 
luminous density. Thus it may be, for 
example, a very high ^ pressure mercury 
vapour lamp or a very high pressure Xenon 
lamp, the latter having the advantage that 120 
the spectral d&liibution of the radiation 
emitted by it is substantially uniform 
throughout the entire visible spectrum $0 
that it can be used for the checking of 
pheet materials of different colc-urs^ and for 125 
The detection of coloured irregnlarities. 

By means cf rcficctCr devices (nor shown) 
arranged behind the lamp 21 and by suitable 
lenses (nor shown) arranged: in toe path of 
the light beam 20, the Kght emanating 130 



PAGE 34/55 ' RCVD AT 4/22/2004 5:20:31 PM [Eastern Daylight Time] * SVR:USPT0-EFXRF-1/5 * ON1S:8729306 * CSID703 905 2500 * DURATION (mm-s$):15-56 



04-22-04 17:29 



From-PILLSBURY WINTHROP 



703-905-2500 



T-152 P. 035/055 F-084 



921,352 



from the lamp 21 is focused to form a 
narrow- beam* directed on to a mirror drum 
22 mounted coaxiaHy on the shaft of a 
high, speed motor 23. The sides of the 

5 mirror drum 22 are formed by twenty 
similar plane xnirrors arranged so that the 
angle between the mirrors of all the {pairs 
c f adjacent mirrors are the same, Thus, 
the transverse cross-fiecticn of the dnnn_22 

10 is a regular polygon of twenty sides- The 
motor 23, and therefore the mirror drum 
22, is arranged to run at a speed withm 
the range of from 3000 to 90QO revolutions 
per nunuTe- 

15 . -The light beam 20 is reflected by the 
mirrors of the mirror drum 22 on to the 
upper surface cf the wab 10 of sheet 
material in the scanning zone 17 and each, 
sin^e mirror, because of its rotation, causes 

20 the liglw spot formed on the web 10 in 
the scanning zone 17 to travel across thsr 
web lO in a auction perpendicular to the 
direction cf movement of the -web 10 through 
the s cannin g zone 17 r from one edge of the 

25 web lO to the other. A- part^of the light 
reflected from the upper surface of the 
wsb 10 is recewed by a photoelectric device 
24 which, is ineunted wfihin the casing 
13, in a position to which the U^st beam- 

30 20 wurdd proceed if the part of the web 
10 in the scanning zone 17 were to be 
replaced by a plane mirror. The photo-- 
electric device 24 then receives a substantial 
part of the reflected ligfrt despite the fact 

35 that the Tipper surface of the web 10 
reflects the light diffusely. 

The output from the photo-electric device 
24 is fed, via lines 26, to a limiter stage 37, 
whack transmits only signals a resulting from 

40 departures from the normal intensity of th e 
reflected light received by the pboto-electric 
device 24 that exceed a certain magnitude. 

The jtoro-electric device 24 is prefer- 
ably a jonctonnirdtiplier, that is to say s a 

45 device in which electron* emitted as a 
result cf the action of light are utilised 
first to trigger a secondary and amplified 
electron emission from a secoridary-emission 
electrode (dynude). la a p2ion>multiplier, a 

50 nuimiber of such sea^dary-emassion elec- 
trodes (dyrrcdes) are arranged in series with 
the result rhta light falling on the device 
produces an electric current of which, the 
jEagrnrode is proportional to the intensity of 

55 the light and which can readily be measured. 
The lenown ^horch-multipliers are hsgfc- 
vacmun tubes thai fulfil functions 
5 Jmodtaneou5ly. First, they tran^orm lighx 
energy into electrical energy 3 by the electron 

60 emission cf a photo-cathode, and secondly 
they amplify this electric energy through, 
electron muJriplicaiion, by means of toe 

electrodes. ^Eack of these electrodes, when 
65 one electron imjrings on. ir, emirs on the 



averag^ for example, four secondary elec- 
trons which (proceed to the nejrcnrbllowing 
electrode where each cf them generates four 
secondary electrons giving a total of 16 
such electrons. Thus, at each stage, the 70 
niurirer cf electrons i$ multiplied by the 
faster four, so tot one primary pho&c- 
clectroa in an eleven-stage device causes 
a total of 4" (which, equals appaDsdmately 
5 million) electrons to be freed and leave 75 
the device as its output current. Moreover, 
die number of photo-elcclrons produced is> 
within wide limits,, strictly proportional to 
the intensity of the incident light if ' it is 
of constant spectral distribution. The 80 
multiplication of any single photo -electron, 
in the process of repeated secondary electron 
emission, tekes place entirely mdependeutly 
cf the multiplication of ^hoco-electrons 
adjacent in time and space. Therefore, 85 
operational conditions being constant, the 
photo-maltipHcr output current is propor- 
tional to the flux of incident light. Conse- 
quently, the transformation if light into 
primary electrcns and the nsaltiplioation are 90 
independent of frequency provided that the 
individual processes (all of which occupy 
less than 10~ 16 seconds) and the variations 
cf electron transit time m the muhqdier, 
together occupy less time than would corres- 95 
pond to cue osculating period of the modu- 
lated rAoto^ruxrent, or to the intervals* 
between light pulses. The non-dependence 
of amplification on frequency ranges from 
0 to "alcove 10 T megacycles per second. 100 
Instead of a pihctc-multrplier, any other 
phc»ro^ectric device may be used provided 
that it gives an output current that is both 
suScieatly large and proportional to the 
ligbtflux incident an the device 105 

Instead of being used for chedriT i g a 
continuous web 10 of sheet material, the 
apparatus may be used to check individual 
sheets of material fed through the appara- 
tus at intervals, but means should then he 110 
provided for ensuring that the apparatus 
does not indicate a fault when a gap 
between successive sheets passes through- 
the scanning zone 17. In Figure 1, the 
dot-dash lines indicate auxiliary devices pro- 215 
vided for this (purpose. 

The simplest -way in which, ro ensure 
rhat gaps between successive individual 
sheets should not cms? fauir-mdjeating 
signals is to provide means for causing a 120 
further light team .to fall on the photo- 
electric device 24 when such a gap is 
passing through, the scanning zone 17. In 
the arrangement shewn in Figure 1 there 
are provided two feeler contacts 30, situated 125 
in advance of the scanning zone 17 and 
arranged to make contact with one another 

sheet passes between them. < Tnus the con- 
tacts 30 close each, rime a gap between 130 
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successive sheets passes tJ>em. a Prefera^y, 
there are provided two such pjairs of feeler 
contacts 30 counseled in series wich one 
another and situated one close to each 
5 edge of the path cf the sheets. When the 
wo pairs of feeler contacts 30 close, a 
current flows through the lines 31 and 
energises a relay associated with a urns 
delay switch 32. TJpon energisation of the 
10 relay, and after the elapse of a delay period 
equal to the time taken for the she zt 
material to advance from Hie feeler contacts 
30 to the scanning zone 17, the switcn 32 
closes- The switch 32 opens, upon der 
15 energisation o£ the relay after the elapse of 
the same delay period. Thus, in operation;, 
the switch 32 is closed only when a gap 
between successive sheets is passing through 
the scanning zone- 17. The use cf nwo 
20 pairs of feeler contacts 30 ensures thai tears 
are instated as faults, only gaps extending 
acrOTS the whole width of the path -cf the 
sheets in a direction perpendicular to the 
direction of movement of the sheets are 
25 not indicated as faults. 

Closure of the switch 32 may prevent the 
production of a fault-indccatinj signal in 
either of two ways. In ens arrangement, 
closure the switch 32 cause* energrsation 
of a further lfgfcr source 33 through a 
circuit 34. Light from the lighs source 
33 is reflected ca- to the photo-electric device 
24 by a feed mirror 35 and ensures that 
the passage of a ga-p between successive 
sheets through the m scanning zone 17 does 
net cause a drop in the light flux f&Umg 
on the photo-electric device 24. r inns 
the gap docs not lead to the production of 
a fault-indicarins signal. In thr ether 
arrangement, closure of _ the swirch 32 
causes a current to flow in lines 36 to the 
limitex stage 37, which is thereby prevented 
from producing a fault-indccating signal. 

Another way of preventing the passage of 
a *2*> between successive sheets through tlie 
scanning zone 17 frco leading tc the {pro- 
duction cf a fault-indicating signal is by 
providing an additional light source 38, 
which is mounted within the suction "box 
16 and is arranged to produce a beam 
directed towards the photoelectric device 
24. ^Then the apparatus is in operation 
for cheeking individual sheets, the light 
source 33 is energised contmfuoualy and* by 
causing a beam of light to pass through 
the perforated too of the suction box 16 
and the perforated endless belt 15 and to 
fall on the phcto-electnc device 24 when a 
gap between successive sheets passes through- 
the scanning zone 17, prevents the jrassa^e 
of Gush an inter-sheet gaj> through the 
c canning zone 17 from giving rise to a 

in the simple form shown in Figure 1, 
65 suffers from the disadvantage that it also 
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prevents the passage of holes and tears in 
sheets fTO3 giving rise to the production of 
a fauk-indicadng signal, bun, as will be 
described belaw with reference to Figure 2 
and also Figure 6 of the drawings, it is 70 
possible to madlfy the airan^emerit in such 
a wcy as r-o overcome this disadvantage. 

In the modified form* of apparatus shown 
in Figure 2 cf the drawings, the endless 
bilt 15 is replaced by a perforated drum 40 75 
mounts d so that its axis extends horizontally 
and is vertically beneath die centre line of 
the scanning zone 17* The web 10 (or 
the indiv idual sheets), is. fed over the. top- 
of die drum <D by vm> pairs of cooperating so 
eadles3 belts 11 as shnwn in Figure 1. The 
section box 16 is replaced by a suction 
mounted within the drum 4J>. The perfor- 
ated dram 40 is supported by bearings 42 
in the walls cf the casing 13 and is driven 85 
through a gear wheel 43, which is sn 
coupled to the driving means fcr the 
endlecs belts 11 that the peripheral speed 
of the drum 40 is equal to the rate of feed 
of the belts 11. The suction box 41 90 
is fixedly supported on tubular pieces 44> 
which pass through the bellow journals cf 
the drum AO. One of these tubes serves to 
pJace the interior of die suction box in 
ccaDxrjnrcation with a vacuum pump (not 95 
shewn) and the other houses electric sqpply 
lcais 45 for two lacies 33 mcuntcd in the 
?a:tion bos: 41 » 

In Figure 2, the scanning means, apart 
frcaa the mirror dram 22 and driving 100 
mocor 23, is oniirted. In this form of 
apparatus) the light beam falls on the 
mirror drum 22 in the direction cf view ill 
Figure 2 and is reflected by the drum 22 
on to the wab 10 in such manner that die 105 
axis of the reflected^ beam Ees in the 
verticil plane containing the centre line 
cf the scanning zone 17. Two photo- 
electric ds vices 24, which arc connected in 
series are provided, arranged so that the 110 
centres 01 their Jigbt-receiving areas also 
lie in the said vertical plane. "With this 
arrangement, the output of the photo-electric 
devices does not, in the absence of any 
faults in the web 10, vary signifieandy 115 
during the movement cf the scanning soot 
from one end to the other of the scanning 
zone 17. 

Two plan* mirrors 25 or strips cE rasterral 
having a somewhat higher reflectivity than 120 
the web 10 to be tested ace arranged one 
at each end cf the scanning zone 17 so 
that, if the length of the scanning zone 17 
exceeds the width cf the web 10, the light 
flux falling on the phote-electric devices 24 125 
does not dscrs&ss when the scanning spur 
pisres beyond the edges of the web 10. 

25 should be resaovahle mounted so that 
they can be replaced by others of a differ- 130 
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en-t size- if it is desired to check web 
or sheets haviag* a different width. 

In. orcfer to prevent the passage of an 
inter-sheet gap through the scanning sane 
5 17 from, producing a fault^ndrcating signal, 
x^o.lamp? 38 are mounted within the suction 
tox 41y one towards each end. These 
two lamps 38 spsxaie generally in the same 
way as the single lamp 38 in the form of 
10 apparatus shown in Figure 1. The arrange- 
ment is snchj however, that the {production 
of a fault indicating signal is only pre- 
vented if light* drear t*>th the lamps 38 
dMIs art -the photo-electric devices 24 at 
15 the same date. Thus, with this arxange- 
tra^j>% the bmp s 3£ do nor prevent the 
passage o£ a hale dsrough the scanning 
^one 17 from producing a fauk-mdicaBnjr 
signal. The wo lamps 38 may be replaced 
20 by a single leng fluorescent tube extending 
along rhs length t£ the suction fccx 41. 
Referring to Figure 3 cf the drawings, which 
shows a typical output current from ths 
phcto-decrric devices 24 in the apparatus 
75 shown, in Figure 2 cf the drawings when 
xhs apparatus is feeing "used -co cheek 
individual sheets of material^ the current 
characteristic shows regularly spaced peaks 
50. These peaks 50 result frcaa the 
30 increase in the intensity of the reflected light 
that occurs when the scanning light fceam 
passes beyond the lateral edges cf the s heets 
and fails, on one or other of the mirrors 
25. Thus the- distance a between successive 
35 peaks 50 corresponds to the time occupied 
fcy a single scanning mcvement cf the keanx 
T£ 3 fcr example? the mirror drum 22 is 
driven at a speed of 3O00 revelnrions per 
minute <Le. 50 revolutions per second) and 
40 has twenty plane mirrors then, the (beam 
performs 1000 scanning movements per 
second and the distance a correspond to a 
cf 1/1000 of a second- When an 
inter-sheet gap passes through the scanning 
45 zone 17 then, because of the effect of the 
lamps 38, the quantity cf light falling on 
the photc-slectric devices- 24 again increases 
pp.rT gives rise to the increased cutcuc current 
represented by the portions 51 «of the curve. 
50 The duration b cf this current increase 
51 depends upon fcoth the length of the 
inter-sheet gaps and the rate of feed ^ cf 
the sheet material 10 through ihs scanning 
zone 17. For ^esajxple, with an inra> 
55 sheet gap of 2 centknerxes and a rare cf feed 
of 2 metres per second, it amounts to 
1/100 of a secend. The interval c between 
trcio such increases 51 depends ■upon the 
length cf the individual sheets cf material 
60 10. For esampie, if the length of the 
individual sheets is \ metre* the interval 
e is 05 seconds. 

5i ens <c£ the ^scanned sneet? sneers isninSj 
then all of these faults appear in the current 
65 characteristic as more or less pronounced 



troughs 52. Ic is possible to separate these 
fanlr-indicating signals 52 in a simple 
from all ether signals by using an 
aasplifiex (for example, a single-stage 
amplifier) having a nan-linear characteristic 70 
and applying a grid fcias whimis such that 
the output current of the amplifier contains 
only those signals that are represented fcy 
Txcughs extending fcdow a prc-deierxmned 
cut-off line d — d, that is to say> the troughs 75 
52. 

The diagrams in figure 3 also shows the 
ircpcnaiice cif the* size o£the scanning -spot. 
In the. current characteristic shown, the 
faulr-in dilating signals 52 reaches the aero $0 
line only when .a dark spot on the sheet 
material 10 under inspection is larger than 
the scanning light spot, which means that 
the imtensiry of the light incident on the 
photo-electric device 24 m o m enta rily falls 85 
substantially to zero. If a dark spot on 
the paper is smaller than the panning light 
spot, h?wevcr s then the fault-indicating 
signal 52 doss not extend co the zero line 
fcnt only to a point which corresponds to 50 
the brightness decrease in the scanning light 
C£Ct caused by the fault. If for instance 
the fault-in dicaring signal amcunss to 
apprcsdmat tly a third of the distance e in 
Kgnre 3 it can be deduced that the fault 95 
has an area of approximately a third of 
diet cf the light spot. It thus becomes 
apparent that, in Ordsr to detect as sft^ftU 
faults as possible, it is preferable to operate 
widi the smallest possible size of light 100 
spot, and also with the greatesr possible 
scanning speed. 

The height of the cut-off line d — d can 
be adjusted in a very simple way merely 
by varying the grid 'bias fcy means of a 105 
porenuco&eier. The use of such a potentio- 
meter his the substantial advantage that it 
makes it possibly even while the apparatus 
is in operation, to vary the maximum -magni- 
tude -cf fault that will give rise to a fault- 110 
indicating signs! -52. 

In uszst cases, it is desirable to arrange 
that the cut-off line d — d shall he relatively 
close ro the signals 53 which are feeing 
eliminated in the limner stags 37 so that, 115 
in addition to The signals 52, the smaller 
signals 54, which are caused fcy the very 
smallest faulty also> give rise to fault- 
indicating signals. If this is to be achioved, 
however, it is necessary that the strength of 120 
the signals 53, which can be considered as 
being the standard signals or the noise level 
of the systan, shall toe kept as nearly as 
pcsexble at a constant height above the 
zero line. If the tetsp 21 were to be 125 
connected ro the ordinary mains supply, 
even the customary ftnccuarion-7 in *he net- 
worn VSvtage wxjuid be sufikaeni to cause 
undesirable interference. It is thctcfore 
advisable that the current from the lamp 130 
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21 should ht supplied by fecial generators, 
which are known p*r se ana of v/mch the 
output voltage regains accurately constant. 
The use cf such :pe::fil co^tant-vcltsge 
5 current seurces maizes it possible to m&mtc:o 
the cut-err Una <f— a at a censurable 
distance from the 21x0 line so that very 
small faults in the sheet material 10 grve 
rife to fault-indicting signals. 
10 In aaditjcn to ensuring that ih* mensity 
cf the light emitted by the lamp 21 . xcdnami 
accurately constant, i: is important for sure 
acoljcatioiis that the light mteniity in the 
scanning beam where it as incident on trie 
.5 roaterial 10 should be uniform over the 
cross^eeriomu area of rhe team arid mat 
the hitwx. should have a sharply denned 
boundary. If these conditions are net 
(Fulfilled, with the result that the djsmbu- 
20 ticn incident light over the area of the 
spot k uneven, then faults having equal 
areas ^ h smaller iban that £>f the hgbt 
scot would: produce fault-indicating signals 
£ varying strength, awarding to *hs 
25 accidental = csiricn of the faults wthm tha 
scanning spot area. It is also advisable 
to provide means which prevent deviations 
of the light spzt frcm the pre-d^termmed 
"canning zone 17 because such deviations 
30 would also interfere with the accuracy of 
the fault-indicating signals. 

An optical "arrangement that rates into 
account these and other factors is shown 
dlcgramr-iaticalry m Figure 4 of the draw- 
35 intfs. The lamp 21 is housed m a tax 60 
moWed within dw casing 13 current for 
the hnrip 21 being supplied rhroush teais 
61 By means of an optical system 62, the 
light beam emitted by the lamp 21 is 
40 deflected and focused in a first image plane 
63. A secend cptkal system 64 focuses 
the light beam on the mirror dmcn ZZ, 
which is driven fcy the motor 23. The 
ligfci beam refined by the mirror drum 
45 22 produces a spa* of light on the meet 
material 10, which spot sweeps alcng the 
lensih of the scanning zone 17. 

La the cpsical path between toe o&irror 
drum 22 and the scanning zone 17> a rod- 
50 shaped lens 65 is interposed to focus the 
liznr beam an the u^per surface o* the 
shse-c material 10 in the scanning zone 17. 
Similarly, between the Riming zone 17 and 
the wo photoelectric devices 24, a further 
^5 rod-shaped lens 66 is arranged to father 
as much as possible of the light reflected 
by the sheet material 10 and to Eocus it 
into a beam- that falls on the lenses of 
ibe two photo-electric devices 24. The 
60 use of lea* 66 is preferable to using ad<H- 
licnal focusing elements such as parefrohc 
or elliptic mirrors "because then tsnd to 

^ jr.—*- V-z?-- — 

wucbi auu **** *Y" 

electric devices 24 in addition to collecting 
65 and focusing light reflected from me sheet 



17. If 



rcatzrial 10 m the scanning zone 
the centres of die light-receiving areas of 
the photo-electric devices 24 and the *x\s 
cf the light team leading fxcm the mirror 
drcm 22 to the scanning zone 17 arc situ- 
at£d in ibe same or approximately the same 
plane, then the two rod-shaped lenses 65 
and 65 may be repiacsd by a single such 
lens. In the arrangement shewn in Figure 
4> ihe phcto-electrie devices 24 err placed 
comparatively for outsids the plane in which 
rbe incident light beam executes a pendrulum- 
llke mcvemem, that they be situated as 
clcsi as possible to the seaming line-. The 
b tensity of the light received by the pihoto- 
electric devices increases with their proximity 
to the scanning zene 17- It is also possible 
to arrange more than two photo-electric 
device? 24 along the length of the scanning 
zone 17, and the photo-electric devices 24 
situated even more clcscly to the scmrung 
zena 17. 

In the path of the light beam from the 
lamp 21 to the mirror drum 22, in the first 
image plane 63 s there is pro vide d a 
diaphragm device 68 3 which as mounted 
20 a3 10 he displaceablc in two mutually 
carpea<licutar directions by means of adjusr- 
Ing screws 67 and >c7hich has an- aperture 
through which the light beam passes. The 
aperture may fee in the form of a hole to 
produce a circular spot or, preferably, in 
the form of a slit to form a rectangular 
spot. Preferably, means are provided to 
enable the effective aperture of this 
diaphragm 63 to he varied or adjusted. 

In order to enable the apparatus to be 
used fcr checking different forms of sheet 
aytteriaL 10 or for cheeking the sheet material 
10 for different types of fault, a number 
of filters 62 are mounted so mat «ne cr 
other of them can be moved into the path 
cf the light beam between the temp 21 
and the first optical system .62. In this 
way, various regions from the overall 
spectrum of the lijrht source 21 can Jbe 
eliminated. The filters 69 can be arranged 
to be moved into and out of the light beam 
either by hand or auxomarieaHy. The phtoco- 
electric devices 24 may also hz arranged 
ro respond to certain regions of the spectral 
range cf the lamp 21. 

As in the form of apparatus showr* in 
Figure 1, the cutpur from the tvra> photo- 
electric devices 24 (which arc comiected in 
series with one another) is fed via lines 
26 to a laniter stage 37. 

The fault-indirating signals from the 
Ihsiter stage 37 may he made use of in 
3 number of differ ent ways. 

H the apparatus is used for the scanning 
of webs of gre at length preliminarily wound 
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stage, - " ihe~Tignals supplied by° the limker 
5tage 37 can be applied to a recording 130 
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device from which a record strip is taken 
for every rolL IXrriug farther _ processes 
lmdergone by these rolls it will clearly 
appear from tbfisa record strip3 which. poj> 
5 tions of tii- web stow faults so that these 
faulty 'portions can either be cut cut of the 
.w«b> as it is fed into a. srdjaequent process- 
in*' device, or the faulty portions can be 
eliminated upon completion, of such a 
10 further worldng pre cess. As an example of 
the latter procedure, finished, prints pro- 
duced on a rotary printing press are, at the 
output end of the press, spik into sheets 
fcafore being delivered, and faulty sped* 
15 rn ?r g can be removed from the stack* If 
automatic devices are employed for eliminat- 
ing faulty portions of the material, the record 
scrip following the lirnitcr stage 37 may be 
in "the form of a perforated card, which 
20 can br electrically scanned to trigger m eans 
for glTirrfrrr RTinff faulty portions of the irratcriaL 
The fauk-rndicatrrig signals can of course 
also be recorded magnetically on magnetic 
[apes or any other known signal-storing 
25 device which can then, during further 
wcrinng processes be employed tor fault- 
jndicarSoxi or for the switching of fault- 
ehmiuating devices. 
•"When the apparatus is being used to 
30 check single sheets direcdy, the fault- 
indicating signals can be arranged to actuate 
switching devices far the elimination of' 
faulty sneers. It is also possible co exploit 
the *aulr-indicauing signals both for recoroV 
35 ing and for switching purposes- It may, 
for esampHe, be useful, during continuous 
checking of of great length in a foil- 

producing {machine (paper-maTcrng machine), 
in addition to obtaining a record strip for 
40 each roll manufactured., to arrange that the 
faulr-indicating signals shall trigger audible 
or visual signals immediately a fault is 
detected- in this way, the aptparatus can 
be csed nut only to- provide retrospective 
45 information "as to whether and where faults 
have occurred during ^reduction, but also 
to provide information that can be used 
by a machine operator to prevent recurrence 
of the faults. In such a case it is useful 
50 that two consecurivB signals should be prt> 
duced by a singls faulr-mdicating signal, 
the nrst c£ which: is given immediately the 
fault passes through the scanning zone 
17 and may, for example, foe a ring on a 
55 bell and the second of which signals is 
gjvven at an instant that coincides in time 
•with the passage of the fault through; an 
-easily sup^rvjsSxUe station further down 
the path cf the wnb, for example, as the 
60 wdb eaters the winding mechanism. In 
this case the second signal is preferably a 
visible signal, such as the lighting up of a 
i— *t<k- zz$£bln~ opcss^ ? called 
this^place by the bell signal, is warned 
65 by. the lighting up of the lamp that the 



fault should now become visibl and he is 
thus enabled to inspect the type of fault 
that has occurred and, if it should prove 
to be necessary, to take steps gainst _ its 
recurrence. Fur example, the fault might 70 
be caused during the production process 
by die occurrence of .foam in the strainer 
section of a paper-malting machine, or by 
similarly cb-viatable disturb ances. 

As mentioned above, the signals trans- 75 
mitred by the limiter stage 37 are capable 
not only of being utilized in recording 
devices, but also- directly" for the comrcS 
of devices by which, fox exampfe, faulty 
products can be separated from faultless 80 
products. An example of an electric circuit 
arrangement suitable' for controihng such, 
sorting devices is shown diagramniatically in 
Figure 5. In this arrangement, single sheets 
70 are fed in die direction- of the arrow 71 85 
through, a scanning zone 17 by conveyor 
means, which are not shmwn. Variations in 
the intensity of the reflected light are 
detected :by photo-ekcrric devices 24 of 
which the output current is fed to a hrm'rer 90 
stage 37. 

The short-duration current pulse Trans- 
mitted by the limiter stage 37 and caused 
fcy a fault 72 on one of the sheets 70, is 
applied to a relay 73. The associated switch 95 
74 is preliminarily closed by a sprung [pawl 
75, but current is prevented from flowing 
through: the switch 74 at this stage by an 
interrupter 76, which is mounted on a 
shaft 77 and is connected in series w*rh 100 
the switch 74. The shaft 77 is so coupled 
to the means for feeding the sheets 70 
through- the scanning zone 17 that it executes 
one revolution in the time that elapses 
between the leading edge of one sheet 105 
70 passing a fixed point and the leading 
edge of the next succeeding sheet 70 pass- 
ing the same point. Thus the shaft 77 
and the feeding means may have a common 
drive. The purpose of the interrupter 76 is 1JQ 
to delay the actuation of an ejector 7S 
until the leading edge of a sheet 70 having 
a faufe 72 spptoaches the ejector 78. When 
actuated, the ejector 78 deflects every faulty 
sheet downwardly from the normal pad* 115 
indicated by the arrow 71. The faulty 
sheets may «b© defle cted , for example, into 
a waste basket located below and to the 
rear cf the ejector 7& 

When the sheet 70 having a fault 72 120 
reaches a position in which the leading edge 
of the sheet 70 is dose to the ejector 7Z y 
a conductive gnstaHic portion 79 on the 
iVmn-flatirtcF interrupted: disc 76 meets an 
associated wiper contact, thereby closing 122 
the circuit through the switch 74 and 

^^^V^^ „ ry-i-rr «ft T^rTrh 
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ejector 78 to a position in which it deflect* 
the faulty sheet downwardly. In the form 
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of apparatus shown in Figure 5, the front 
edge of the ejector 73, in order to simplify 
the circuity is sr/acsd apart frc-^i the centre 
Jmc of the scanning region 17 by a distance 
5 exactly equal tc the distance e sesaraung 
the leading edges of two adjacent sheets. ^ 
Frcm this k follow that irj this circuit 
arrangement the ej actor 78 will he actuated 
correctly even if the faslt 72 is located, 
10 nor in the position shcwii, tut in close 
proximity to either the leading or the trsil- 
Jnfr edge -of a sheet. If the distance c were 
to^be reduced, sheets hiving faults near the 
trailing edge would net he correctly deflected 
15 and, if the distance e vszrt to be increased 
additional dday or storage devices would 
have to be provided. . 

Shortly after the mstaut of moving the 
ejectcr v8 to its eperadve position, one 
20 inter-sheet S»P w£U therefore be situated 
stove the frcnt eJgs cf the cjectcr 7S and 
one above the centre line of th= scairang 
zone 17* The switch 74 must then 
immediately be opened so that the relay 73 
25 can rescond tc any fault tot thtre ipay bs 
in the nest following sheet. This is 
effected by a magnet SI which, upon 
cncrgisaiicn, causes a sprung pawl 75 to 
craii tho switch 74. energisation of the 
30 magnet 81 is energised at the above- 
mentioned instant by misas cf a contact 82 
fised cn the shaft 77. In order that the 
ejector 75 sUsuH net be affected by this 
contfrct interruption, tfcet i© ro say, m 
35 order mat ic should stay open until rfce 
sheet with the fault 72 has run rhrcirrb 
it, the armature cf the relay SO actuates 
nrt only the ejector 78, tut also a switch 
83,* nr/huch shcrt-cir cults the switch 74 
40 through, a contact 84 ca the shaft 77 •dur- 
ing the tame taken by the icassage of one 
cheer through the ejector 75. When the 
sheet has passed through, the ejector 78 
is returned to its initial pcsiiica by the 
45 action of a spring 85, because then the 
energisation c£ the relay 89 is interrupted 
fcy the conract 54 unless a fault is detected 
in the next fcuffwing sheet, in whsch. case 
the switch 74 witt again have been closed. 
50 In the la-tter case, ihi ejector remains 
reversed by the relay 20 because tbte relay 
then continues to receive current via the 
contact 79 and the switch 74. 
As will appear from the circuit diagram 
55 shown in Figure 5, the switch 74 alwsys 
responds to the first fault occurring in a sheet, 
and signals caused by further faults in the 
seme sheet do not alter the switching state. 
But it may also be desrrahlc to obtain an 
oO indication of the number of faults in one 
sheet. Tills can be done cjuitc easily by feeding 
tho eignals issuing from the hunter stage 
37 not 05^ tc e switching device in the fsrr? 
•ei the relay 73, but abo to a recording 
65 device, which is indicated in Figure 5 at 86. 



The device in question here is a^ pulse 
counter of known construction in which the 
signals issuing from the lhriiter stage 37 are 
counter! and their total is transferred to a 
recording device. This total may then be 
registered on a recording strip for a certain 
number of sheets, for example, for every 10 
or 100 sheets, and thus supplies the desired 
information as to die number of faults. The 
number of faults for single sheets ascertained 
in a pulse counter can, of course, if the switch- 
ing devices arc altered accordingly, also be 
utilised to sort out those sheets in which a 
predetermined" number of faults per sheet has 
been exceeded. The relay 73 in Figure 5 
would then be actuated by the pulse counter 
as soon as the overstepping of a predetermined 
number of fauks has been registered by the 
counter. 

The bitching arrangement shown in Figure 
5 solves the problem of ho*7 to transfer the 
pulses transmitted by the light-sensitive device 
24 at different times in relation to the passage 
of the leading edges of the sheets past the 
centre line of the scanning zone 17 to a 
switching device (the ejector 73) for the course 
of the sheet, i.e, to the ejector 78, with 
the changes in die delay time necessary to 
ensure that the reversal of the ejector 78 
takes place at the time when the leading 
edge of a sheet approaches the ejector 78. This 
object can, of course, also be achieved with 
ether known delay devices, especially by 
employing magnetic signal-storage devices 
which may also be arranged on revolving 
element (if necessary driven synchronously with, 
the. feeding of the sheets). The employment 
of magnetic storage devices offers rhe advant- 
age thai the stored signals can. be erased in 
good Time in a simple and well-known manner 
so that the storage devices are ready to 
record new signals immediately after erasing. 
The arrangement shown in Figure 5 is there- 
fore only one example which can, of course, 
be replaced by other circuit arrangements with 
similar effect. 

Fianre 6 shows diagrammaxicaUy a com- 
plete" plant for checking single paper or beard 
sheets for optically detectable quality devia- 
tions, and for sorting rjiese sheers on the 
basis of faults determined in this way. The 
sheets to be examined are placed in a stack 
90 on a plate 91 which is supported by a 
lifting table 92 at the feeding end of the test 
plant. A sheet feeder 93 feeds the sheets 
singly and at predetermined intervals from 
the top of the stock 90 to a pair of co-operat- 
ing endle ss-belt conveyors 94, which corres- 
pond to the conveyor belts 11 shown in Figure 
1 and which feed the single sheets to a first 
scanning region 95. As the means for scanning 
the upper surfaces of the sheers in the scanning 

shown in Figure 1, only the casing 96 and 
tie conveyor devices, winch advance the sheets 
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ovcr the suction bos 97, arc shown in Figure 
6. On leaving the scanning zone 95, the 
single sheets aye advanced by a pair of co- 
operating endless-belt conveyors 98 into an- 
5 other casing 99 in which the underside _ of 
the sheets is s canned from below in a scanning 
zone 100. Thus, in this plant, both surfaces 
of the sheets are checked. Additional endless- 
belt conveyors 101 then advance the sheets 
10 leaving the casing 99 towards three delivery 
boxes 102, 103 and 104 in which The checked 
sheets are stacked on lowerable plates which 
are provided with the usual- shaking devices 
105 to obtain flush lateral surfaces for the 
IS sheet stacks. Distribution of the scanned 
sheets to the individual delivery boxes is con- 
trolled by Trig*™ of two ejectors 106 and 107, 
•which operate in the same way as the ejector 
78 shown in Figure 5. 
20 It is advisable to provide the boxes 102, 
103 and 104, ox one or more of them, with 
a sheet counting mechanism 108 of known 
construction and also, if desired, with known 
devices for tbe injection of ream-indicating 
25 sheets, these devices being controlled by the 
sheet counting meoh&pism. 

An advantage of passing me sheets in 
succession through two scanning zones 95 and 
1Q0, it is possible to prevent the inter-sbeet 
30 gaps from giving rise to faufr-indicating signals 
in a simple w* r!Ttf ' r without at the same rime 
preventing holes from bring registered as 
faults. One lamp is placed in the suction 
box 97 beneath the scanning zone 95 and 
35 Tinnther is placed in the suction box above 
the scanning 20 ne 100, and the two lamps 
are spaced apart from another in a direction 
transverse to the direction of feed of the sheets. 
Thus one lamp is situated towards one line 
40 of lateral edges of die sheets and the other 
line is situated towards the other line of 
lateral edges of the sheets. Bach lamp will 
prevent inter-sheet gaps from giving rise to 
faulr-indicating signals and may also prevent 
45 holes situated in the lateral half of the sheet 
above the lamp from being registered as a 
fault, but a hole will Then give rise to a 
fault-indicating signal when it passes through 
the other scanning zone 95 or 100. m 
50 'The apparatus shown in Figure 6 is useful 
for a number of applications. If it were 
desired only to sort the sheets into perfect 
sheas and waste sheets, two delivery boxes 
would be s uffici ent, but the apparatus can be 
55 arranged to sort the sheets in more com- 
plicated ways. 

The plant can be used, for example, to sort 
sheets all of which have been shown, by means 
of a preliminary s ortin g operation, to contain 
60 faults. Thus, the faulty sheets may be so 
sorted that any sheet having a fault only in 
its leading half is fed into die box 104, 
any sheet having a rank oniy in its t rai l in g 
half is ejected into the box 103 by an 
$5 ejector 107, and any sheet having faults in 



both its leading and trailing halves is ejected 
into the box 102 by an ejector 105. The 
stacks of sheets in the boxes m 103 and 104 
can then be cut in half to give a stack of 
perfect half-sheets and a stack of faulty half- 70 
sheets. As the perfect lialf-shects are per- 
fectly usable, this sorting results in a consider- 
able reduction in waste. The circuit arrange- 
ment for actuating the two ejectors 106 and 
107 has, of course, to be modified as com- 75 
pared with the circuit arrangement shown in 
Figure 5. The signals emitted by the light- 
sensitive devices' 24 can be- fed- to- a- so-called' 
gate circuit, which is known from other 
applications and which separates from one 80 
another the signals relating to the leading 
and trailing halves of the sheets. If no 
fault is detected in the leading half of a sheet, 
neither of the ejectors 106 and 107 is actuated, 
but if a f auk is detected in the leading half 85 
of a sheet, then the resulting fault-indicating 
signal cause the actuation of the ejector 107 
after a suitable delay. If no fault is detected 
during the scanning of the trailing half of a 
sheet, again neither of the ejectors 106 and 90 
107 is actuated, but if a" fault is detected in 
the trailing half of a sheet the resulting fault* 
indicating signal is transmitted to a relay., 
which actuates the ejector 106. This relay 
must, of course, be connected with die 95 
switching device for the ejector 107 by means 
of a blocking circuit m such a way that the 
ejector 106 is only actuated if an actuating 
pulse was also transmitted to the ejector 107 
from the leading half of the sheet. If, on I0U 
the other hand, the leading half of a sheet 
is free from faults, the ejector 106 is not 
reversed even if a fault is detected in the 
trailing half of the sheet. In this way the 
desired distribution of single sheets into the 103 
three delivery boxes 102, 103 and 104 is 
achieved. 

The example just described shows that 
the method according to the invention can 
be employed to solve completely different 110 
tasks if the circuit arrangements are adapted 
to a given purpose. 

The object of separating a stack of sheets 
in each of which a fault has already been 
detected into entirely useless sheets and such 115 
sheets in which at least one sheet half can 
still be used can; of 'Course, also be solved 
by providing for the scanning of a sheet 
surface two separate devices each of which 
only scans a portion of each sheet. ^ This 120 
portion need not necessarily be me leadin g or 
trailing half of the sheet, but may, if so 
desired, be the right or left lateral half 
of the sheer. In apparatus in which single 
sheets are intended to be checked for faults 125 
on each of their surfaces, the apparatus shown 
in Figure 6 has to ' be further modified in 
such a way that the two devices, for scanning 
from above and from below respectively, are 
connected in series; in this case, respective 130 
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to the switching ^ dlviees by a yellow filter. The device provided with 

not tequirias Ae »^ £^11 as being us*d for the detection of 

Viaing a pair 01 sw™« u £ mined light is shown. diflgrainmatically . >n 

*"* J? P £ dev£L to sJnrinFthe Kgure 7. In this form of apparauis as in the 

a pai , rf «nmu aw« and tomralging case of the apparatus shown in Figure X, a 
lower ^'J^X fSu^I 10 is cJ&ctsd through a scanning zone 90 

25 that the cut-«fi line ^jf^ ' l |^ d . ^7 by means of endless-bete conveyors 11. 

V? JSlfSi TslnnnS of a*pSr But tL scanning zone. 17 here is not located 

auxl with one scannmg aevice wi y as in the apparatus shown 

35 the ^^-SnitatoaSe die aid 111, the completely fbt position necessary 

The apparatus shown in l<ign* o^can m» ^™ 5 mamfefit itsd f m ^ occurrence of a 110 
45 used for separates from * ^^nL u4 t0 the rear of the belt 113 

delivery, boxes into which sheets thtt iwve 10 h by a scanning light 

not previously been sorted are sorteo ^ reflected by a mirror drum, in a 

sheets having faute ^'J ^ sheets ^J 15 ^^^ ^ ^ scanning 120 

bavins f«d« « ^^"^'"^Ed fcTe 17 in which it is able to pass through 
having faults °n the lower »ae un»y, so far as it is not absorbed 

Sh< r iZSfSSZS* Mto accordance with fa thh web, to be received by a light senri- 

Apparatus ^^f?™f ^ ™ rt^h^tTin Sve device 24, and to be transformed mio 

^orS with the JouL? tf^irlfults. electric energy which is then tranfeabte 125 

™coW fitters, which have in the manner already described, mto annals 

^SJS^S fn «nn«cdonwiS Figure 4 or fault indications. Thus, not only paper 

STSJ TSS&S. ^ S arfpro- webs, but also translucent or transparent foils 

vfdS S d^c^flocated one in can.be checked oy appiymg 

SfofX oler, nne of which operates with the invention and the resulting signals can be 130 
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used to record such faults or to actuate switch- 
ing devices for the elimination of faulty foils. 
If a transparent web is to be checked by 
means of a light-sensitive system to which 
5 the transmitted part of the scanning beam is 
applied, and this web has not sufficient stability 
to be conducted flatly across the scanning 
zone 17, in the manner shown in Figure 7, 
then the web 10 can be supported during its 
10 passage between the belts 112 and 113 by 
means of a transparent plate, for example, 
a plane glass plate, the excess speed of the 
belt 113. over that. of. the. belt, 112 and 
The degree of vacuum in the box 111 being 
15 decreased appropriately to allow for the low 
web stability. 

Thus the application of the invention is 
not confined to paper products or similar fails, 
but includes all web or sheet-like products 
20 of any derivation in which guality deviations 
can be determined by the observation of light 
reflected from or transmitted by the material. 
WHAT WE CLAIM IS:— 
1. A method of checking sheet material for 
25 optically detectable irregularities, which com- 
prises feeding the material through a scanning 
zone, xnarrrtarnmg the material in the scanning 
zone in a substantially flat and flutter-free 
condition, scanning the material in the scanning 
50 zone with a beam of right arranged to form 
on the material an iltaminated spot having 
a sharply defined boundary within which the 
degree of iUmnination is substantially uniform, 
which spot moves in a direction transverse 
35 m the direction of movement of the material 
through the scanning zone, detecting varia- 
tions In the intensity of the light reflected 
d bv the sheet material 
by means of a photometric device and feeding 
40 the output of l^.pbotoHdeciric device to a 
i Trn irtrr stage arranged to give a fault-indicat- 
ing signal only when the output of the photo- 
electric device deviates from a given value 
by a quantity exceeding a certain magnitude. 
45 2- A method as claimed in Claim 1, wherein 
the limiter stage comprises an amplifier having 
a non-linear characteristic and there is applied 
to the amplifier such a grid bias that the 
output current of the amplifier c on tai ns a 
50 fault-mdicadng signal only when the output 
of the photo-electric device deviates from the 
said given value by a quantity exceeding the 
said certain magnitude. 

3. A method as claimed in either Claim 1 
55 or Claim 2, wherein, in the scanning zone, 
the sheet material is backed, on the side of 
the sheet material remote from the scanning 
light beam, by a surface of which the reflec- 
tivity to the beam is substantially different 
$0 from the reflectivity of the surface of the 
sheet material scanned by the beam, and the 
photo-electric device is arranged to detect 
variations in the intensity of Eius £gLl~ icflcCiea 
by the sheet material. 
65 4- Apparatus for checking sheet material for 



optically detectable irregularities, which com- 
prises means for feeding the material through 
a scanning zone, means for maintaiuiag^ the 
material in the scarming zone in a substantially 
flat and flutter free condition, means for 70 
scanning the material in the scanning zone 
with a beam of fight arranged to form on 
the sheet material a spot of light having a 
sharply defined boundary withm which the 
degree of Dhrmination is substantially uniform 75 
and to cause the spot to move transversely 
with respect to the direction of feed of the 
sheet material through- the scanning zone, 
photo-electric means responsive to the intensity 
of the light reflected and/or transmitted by 80 
the material, and a limiter stage connected 
to the output of the photo-electnc means and 
arranged to give a fauh-mm'cating signal only 
when the output of the photo-electric means 
deviates from a given value by a quantity 8^ 
exceeding a certain magnitude. 

5. Apparatus as claimed in Claim 3* wherein 
the limiter stage is adjustable to permit varia- 
tion of the said magnitude. 

6. Apparatus as claimed in either Claim 90 
4 or Claim 5, wherein the limiter stage 
comprises an amplifier having a non-linear 
characteristic. 

7. Apparatus as claimed in any one of 
Claims 4 to 6, wherein there is provided a 95 
casing arranged to enclose and exclude extrane- 
ous light from the scanning zone, and pump 
and filtering means arranged to supply filtered 

air at a superatmospheric pressure to the 
interior of the casing. 100 

8. Apparatus as claimed in any one of 
Claims 4 to 7 3 wherein the scanning means 
comprises a feed light source, a rotatably 
mounted mirror and driving means for rotating 

the mirror, the light source being arranged to 105 
produce a light beam which is reflected by 
the mirror on to the sheet material in the 
scanning zone and rotation of the mirror caus- 
ing the scanning movement of the beam. 

9. Apparatus as claimed in Clsnyn 8, wherein 1 10 
the scarming means includes a plurality of such 
nurroxs arranged to form the sides of a drum 

of which the transverse cross-section, is- a 
regular polygon and which is mounted for 
rotation about its axis/ 115 

10. Apparatus as clair/ipd in Claim 9, 
wherein the driving means for the mirror is 
an electric motor and the mirror drum is 
rigidly Connected to the shaft of the motor. 

11. Apparatus as claimed in any one of 120 
Cairns 8 to 10, wherein the scarming means 
includes removable Iight-flliering means situ- 
ated in the path of the light beam from 

the light source to the mirror. 

12. Apparatus as claimed in any one of 125 
Claims 8 to 11, wherein the scanning means 
includes a diaphragm stop situated in the 
path of the light beam from the iigJit source 

to the mirror, the stop being . situated in a 
region of maximum intensity of the light 130 
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beam, the effective aperture of the stop being 
smaller than the cross-sectional area o* tne 
lkht beam at that paint and the diaphragm 
bong movable in two directions perpendicular 

5 to one another and to the axis of the light 
beam at that point. . . 

X3 Apparatus as claimed in any one ox 
Claims 4 to 11, wherein the scanning .means 
includes a cylindrical lens situated in the patn 

10 oi the light beam from the mirror to_ the 
scanning zone so as to focus the light beam 
on the sheet material. - 

14 Apparatus as claimed m any one oi 
Cairns 4 to 13, wherein the. photo-electric 

15 means is arranged to be responsive to the light 
reflected by the material in the scanning zone. 

15 Apparatus as claimed in Claim 14, 
wherein the photo-electric means is arranged 
to receive light over a rec^cm ^ugl> which 

20 the scanning light beam would be reflected 
if the sheet material in the scanning zone 
were to be replaced by a plane mirror 

16. Apparatus as claimed in Clnim 14 
or Claim 15, wherein there is provided a 
25 cylindrical lens arranged between the scanning 
zone and the light-sen;^ 
collect light reflected from the sheet material 
nT^e sinning zone and to direct this light 
on to the photo-electric means. 
30 17 Apparatus as claimed in Claim 14, 
wherein the scanning means is so arranged 
•mat die axis of the scanning beam lies in a 
vertical plane that is perpendicular to the 
dhrecrioa of feed of the sheet material and 
35 extends along the centre of the 

and the photoelectric means comprises two 
photo-electric devices arranged to lembg 
reflected in the said plane from the sheet 
Material and situated one towards each end 
40 of the scanning zone. 

18. Apparatus as claimed in Claim 17, 
wherein there is provided a cylindrical lens 
arranged both to focus the light beam on 
the sheet material and to collect light reflected 
45 from the sheet material in the scanning zone 
rmd to direct this light on to the photo- 
electric devices. w , 

19 Apparatus as claimed in any one of 
Oaiins 14 to 18, wherein there are provided, 
50 at each end of the scanning zone, members 
having a high reflectivity arranged to reflect 
the scarming beam if, during its se™g 
movement, it passes beyond the lateral edges 
of the sheet material . 
55 20. Apparatus as claimed in any one oi 
r>i'ms 14 to 19 9 wherein the means for 
maintaining the material in the scanning zone 
in a substantially fiat and flutter-free condi- 
tion is suction means. m 
60 21- Apparatus as claimed m any one at 
Claims 14 to 20, wherein there is provided 
means for preventing the passage of an inter- 
shect gap through the scanning zone from 



giving xiSc TO " iSBit-gl*** ^ ^ ™ ^ v m 

65 22. Apparatus as dawned in Claim 21, 



wherein the said preventing means comprises 
means for detecting the passage of an inter- 
sheet gap and a light source arranged to be 
energised in response to th operation of 
the detecting means in such manner as to 
cause light to fall on the photo-electric 
means throughout the passage of the inter- 
shect gap through the scanning zone. 

23. Apparatus as claimed in Claim 22, 
wherein the detecting means comprises two 
feeler means situated one towards one lateral 
edge and the other towards the other lateral 
edge of the path of the sheets to the scanning 
2oae, and on a line substantially perpendicular 
to the direction of feed of the material, the 
arrangement being such that the said prevent- 
ing means is rendered operative only when both 
feelers detect the passage of a gap simul- 
taneously. 

24. Apparatus as claimed in Claim 21, 
wherein the said preventing means comprises 
a light source situated on the side of the 
scarming zone remote from ihe jjhoto-elecrric 
means and arranged to cause light to pass 
through an inter-sheet gap in the scarming 
zone and to fall on the photo-dearie means. 

25. Apparatus as churned in Claim 24, 
wherein the arrangement is such that a fault- 
indicating signal is given unless light from 
xhe said light source can pass through the 
scanning zone along the whole width of the 
sheet material . _ 

26. Apparatus as dairned in any one or 
Claims 4 to 13, wherein the photo-electric 
means is arranged to be responsive to the light 
transmitted by the material in the scarming 

Z °27. Apparatus as claimed in Claim 26\, 
wherein the feeding means comprises a suc- 
tion box situated in advance of the scanning 
zone, an air-permeable endless belt passing 
over the suction box, a co-operating endless 
belt, a second suction box situated in 
rear of the scanning zone, a second 
air-permeable endless beh passing over the 
second suction box, a second co-operating 
endless beh and driving means arranged to 
drive the first air-permeable endless belt and 
the two co-operating endless belts at the same 
speed and to drive the second air-permeable 
endless belt at a higher speed. 

28- Apparatus as claimed in any one of 
Claims 4 to 27, wherein the photr>^ectric 
means comprises a photo-multiplier. 

29- Apparatus as rlaimM in any one of 
Oaiins 4 to 28, wherein there is provided 
warning means arranged to give a visible or 
audible warning signal in response to a fault- 
indicating signal . 

30. Apparatus as claimed in Claim 29, 
wherein the warning means is arranged to give 
an audible warning signal when a fault-mdicar- 
ing signal is given and to give_ a visible warn- 
ing zlsr^l ^n Isspenlcs posirksi th& rest 
of the scanning 2one af rer a delay period equal 
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to the time taken by the sheet material to pass 
from the scanning .20ne to the inspection posi- 
tion* 

31. Apparatus* as chimed in any one of 
Claims 4 to 30, wherein there is provided 
recording m?**\* for recording faults indicated 
by fault-indicating signals. 

32. Apparatus as claimed in Claim 31, 
wherein the recording means is coupled to 
the feeding means and is arranged to record 
the positions of the faults along the length 
of the material. 

33. Apparatus as claimed in aoy one of 
Claims 21 to 25, wherein there is provided 
separating means responsive to fanlt-indicating 
signals and arranged to separate individual 
sheets having faults from the remaining sheets. 

34. Apparatus as claimed in Claim 33, 
wherein the separating means comprises a 
deflector and means for feeding the sheets past 
the deflector after they have passed through 
the scanning 2one, the deflector being movable 
between two positions, in one of which die 
sheets are caused to follow one path and in 
the other of which the sheets are caused to 
follow a separate path, and means connected 
to the limiter stage for moving the deflector 
from one of the said positions to the other. 

35. Apparatus as claimed in Claim 34s 
wherein the deflector is mounted for pivotal 
movement between an inoperative posmon, in 
which it is dear of the path of the sheets, 
and an operative position, in which it extends 
across the path of the sheets and deflects them 
out of thai path, and the means for moving 
the deflector berween its operative and in- 
operative positions is connected to the output 
side of the limiter stage by circuit means which 
is such that, upon a fault in a sheet giving 
xisc to a fault-indicating signal, the deflector 
is moved to its operative position as the leading 
edge of the sheet approaches the deflector. 

35. Apparatus as claimed in Claim 35, 
wherein the said circuit means comprises first 
switch t***™* connected in series with the 
means for operating the deflector and arranged 
to dose in response to a fault-indicating signal, 
second switch means arranged, when closed, to 
cause the energisation of a magnet to open 
the first switch means, third switch means 
arranged to close and thereby short-circuit the 
first switch means when the said operating 
means is energised, fourth switch means con- 
nected in series with the first switch means and 
so coupled to the feeding means that ix closes 
at intervals equal to the time t aken for 
the leading edge of a sheet to pass from the 
scanning zone to a point close to and in 
advance of the deflector and to remain closed 
from a gmall part only of that interval, fifth 
switch means connected in series with the 
second switch means and arranged to be 

is closed, and sixth switch means arranged 



to be open only when the fourth and fifth 65 
switch means arc closed. 

37. Apparatus as claimed in Oaim 36, 
wherein each of the fourth, fifth and sixth 
switch means comprises a rotatably mounted 
wheel having an insulating sector and a con- 70 
ducting sector, and a co-operating fixed con- 
tact. 

38. Apparatus as daimed in Oaim 37, 
wherein the rotatably mounted wheels are fixed 

on a common shaft which is so coupled 75 
to the feeding means that it executes exactly 
one revolution in the said interval. 

39. Apparatus as claimed in any one of 
Claims 33 to 38 3 wherein there is provided 
two or more separating means arranged to 80 
separate the individual sheets into Three or 
more lots, the separating means being con- 
nected to the output side of the limiter stage 
and the arrangement being such that the sheers 

are separated into different lots in accordance 85 
with the number, magnitude or position of the 
faults on the sheets. 

40- Apparatus as claimed in Claim 39, 
wherein the arrangement is such that the 
sheets are separated into lots of which one 90 
contains sheets that have faults in all zones 
and the remainder contain sheets that have 
no faults in certain zones which are such 
that these latter sheets can be cut to pro- 
vide faulty part-sheets and faultless part 95 
sheets. 

41. Apparatus as daimed in any one of 
Claims 33 to 40, wherein there are provided 
additional scanning means arranged to scan 

the material in a second scanning 2one situ- 100 
ated either to the rear or in advance of the 
first scanning zone, additional photo-electric 
means responsive to the intensity of the light 
reflected and/or transmitted by the material 
in the second scanning zone, and an additional 105 
limiter stage connected to the additional photo- 
electric means. _. - . _ _ ^ 

42. * Apparatus"* "as claimed "in ' Claim 41. 
wherein the first scanning means is arranged 

to scan one surface of the material and the H\j 
additional scanning means is arranged to scan 
the other surface of the sheet material 

43- Apparatus as claimed in Claim 41 
or Claim 42, wherein both the first photo- 
electric means are arranged to be responsive 115 
to the intensity of the light reflected by the 
material and, in order to prevent inter-sheet 
gaps from giving rise to fault-iridicaring 
signals, diere are provided two light sources^ 
one assodated with each scanning means 12C 
arranged to provide a beam of light directed 
across the path of the sheets and towards the 
associated pharo-electric means, the two light 
sources being situated in different positions 
when viewed transversely to the direction of 125 
feed of the sheers. 

44. Apparatus acniica m any one of 
Claims 33 to 43, wherein there is provided 
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means for counting * e number of sheets in 
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